Background: Previous studies of patients with "lone" and "idiopathic" atrial fibrillation (AF) have provided conflicting evidence concerning the development, management and prognosis of this condition. Methods: In this nation-wide, retrospective, cohort study, we studied patients diagnosed with incidental AF recorded in national Swedish registries between 1995 and 2008. Controls were matched for age, sex and calendar year of the diagnosis of AF in patients. All subjects were free of any in-hospital diagnosis from 1987 and until patients were diagnosed with AF and also free of any diagnosis within one year from the time of inclusion. Follow-up continued until 2009. We identified 9519 patients (31% women) and 12,468 matched controls. Results: Relative risks (RR) versus controls for stroke or transient ischemic attack (TIA) in women were 19.6, 4.4, 3.4 and 2.5 in the age categories b55, 55−64, 65−74 and 75−85, years respectively. Corresponding figures for men were 3.4, 2.5, 1.7 and 1.9. RR for heart failure were 6.6, 6.6, 6.3 and 3.8 in women and 7.8, 4.6, 4.9 and 2.9 in men. All RR were statistically significant with p b 0.01. RR for myocardial infarction and all-cause mortality were statistically significantly increased only in the two oldest age categories in women and 65−74 years in men. Conclusions: Patients with AF and no co-morbidities at inclusion had at least a doubled risk of stroke or TIA and a tripled risk of heart failure, through all age categories, as compared to controls. Women were at higher RR of stroke or TIA than men.
Introduction
Atrial fibrillation (AF) has been reported to be an independent risk factor of death and morbidity [1] . The mortality risk increases in the presence of co-morbidities, while AF in patients without comorbidities has been considered relatively harmless, possibly because this arrhythmia is often found in younger individuals [1, 2] . The number of patients with AF without co-morbidities is dependent on the definition of the study populations, but there is as yet no study on the long-term course of a very large cohort of patients and controls with this condition.
Patients below 60 years of age have been considered to have lone AF if they have no evidence of cardiopulmonary disease, while idiopathic AF requires the absence of any other disease, irrespective of age [1, 3] . However, the definitions of lone and idiopathic are heterogeneous, the age criterion has been questioned and the studied populations have been small or have lacked controls free from AF [4] [5] [6] [7] [8] [9] [10] [11] [12] .
A statistically significant increase in all-cause mortality has only been found in one study of patients with lone or idiopathic AF (Table 1) [5, 6, 8, 11, 12] . Previous studies of heart failure in the general population have shown an increased prevalence in men compared to women and that patients with AF have an increased risk of heart failure [1, 2, 11, [13] [14] [15] . However, studies with 41 to 76 patients with lone or idiopathic AF have not shown any statistically significantly increased risk of heart failure while reports diverge on the risk of coronary heart disease in these patients [4, 6, 7, 12] . Cohorts of 43 to 76 patients with lone or idiopathic AF had an increased risk of stroke with annual rates between 0.9% and 2.0%, and equal rates between in men and women have been found [4, 6, 12] .
National health registries in Sweden record the discharge diagnoses of all hospitalized patients and provide high quality information [16, 17] . Personal identification numbers allow comprehensive coverage of all non-emigrated patients throughout life. Due to the all-inclusive nature of the information recorded in the registries, it is possible to obtain a national estimate of long-term cardiovascular risks. The registries are well established and allow researchers to make retrospective analyses in large patient cohorts, and they permit the performance of prospective nationwide randomized trials [2, [18] [19] [20] .
Our purpose was to estimate the risk of stroke or transient ischemic attack, heart failure, myocardial infarction and all-cause mortality in all patients hospitalized with incident AF as the only diagnosis and in matched controls in a comprehensive nation-wide study. (p = 0.006) Kopecky et al [8] 97 Life-table analysis 
Methods

Study design and national registries
We conducted a nationwide, retrospective controlled cohort study using the Swedish National Patient Registry, the General Population Registry and the Cause of Death Registry. The study cohort was identified by the epidemiological centre at the Swedish National Board of Health and Welfare, and the matching procedure was carried out by Statistics Sweden. The Swedish National Patient Registry has a N 99% coverage of hospital diagnoses from 1987 and onwards, and the diagnoses have a positive predictive value of 85 − 95% [16] . Although some conditions that are generally managed on an outpatient basis, such as hypertension, is known to be somewhat underreported, the validity of the registry is high and has therefore been proposed to be used for epidemiological studies by the National Board of Health and Welfare [16, 17] . In Sweden, all inhabitants have a unique personal identification number, all have equal access to health care and hospital services, and hospitals are required to record all discharge diagnoses. This provides the possibility to record and track all non-emigrated patients in clinical registries and analyze morbidity and mortality in the entire Swedish population. This study complied with the Declaration of Helsinki, and the study protocol was approved by the Regional Ethical Review Board in Uppsala, Sweden (Dnr 2009/273). ICD 9 (1987 ICD 9 ( −1996 and I 48, I48.9 and I 48.9 (A, B, C, D, E, F, P, X) in ICD 10 (1997 ICD 10 ( -2011 . No distinction could be made between paroxysmal, persistent or permanent AF, and atrial flutter. To identify patients with incident AF without other diseases, the National Patient Registry was used to exclude patients with other in-hospital diagnoses from 1987 until the time of inclusion. All diagnoses from ICD 9 (001−999) and 10 (A00−Z99) were excluded: thus, included patients only had a single diagnosis of AF. In the event of re-hospitalization with any in-hospital diagnosis or death within one year from the time of the incident AF, such patients were excluded in order to increase the likelihood that subsequent events were due to AF and not to an undetected developing cardiovascular condition.
For each patient with AF, one or two controls with no hospital record of AF between 1987 and 2009 were selected and matched for age, sex and calendar year of the diagnosis of AF by linkage with the General Population Registry. First-degree relatives of patients with AF were not included as controls. Diagnoses that were excluded since 1987 were the same in controls as in the patients with AF. All controls were alive on January 1st in the year of the diagnosis of the index patient. If a control person had died earlier related to the index patient during the first year, the time at risk was set to one day.
During follow-up, the classifications from the ICD 9 and 10 were: stroke and transient ischemic attack 
Statistical analysis
Continuous variables were summarized with mean and standard deviations (SD) and categorical percentages. Unadjusted Kaplan −Meier plots were used to calculate the cumulative probability of stroke and transient ischemic attack, heart failure, myocardial infarction and all-cause mortality. Rates of diseases were defined as the number of persons with the specific disease and mortality rates as the number of deaths, which were divided by the number of person-years at risk. The annual rates were then calculated by dividing the ten-year rate with ten. Cox regression models were used to compare patients with AF and controls, adjusted by age at diagnosis and categorized into five-year age bands, with the first category younger than 55 years, and modelled as a categorical variable. Separate regression models were estimated for men and women combined with age categories at diagnosis of: younger than 55, 55-65, 65-74 and 75-85 years of age. Cox regression was also used to compare women and men with AF. To measure associations, we used hazard ratios as estimates of relative risks accompanied with 95% confidence intervals (CI). All statistical calculations were made with STATA release 11 software (StataCorp, College Station, TX, USA), and two-sided P values of b0.05 were considered statistically significant.
Results
Baseline characteristics
There were 9519 patients and 12,468 matched controls in our study cohort (Fig. 1) . The mean age was higher in women than men, 67.7 ± 10.4 years vs. 54.9 ± 13.4 years (p b 0.01). The proportion of women was 9% in the age category younger than 55 years, 26% at Table 3 Rates, events and hazard ratios of cardiovascular morbidity and all-cause mortality in patients with atrial fibrillation without other diagnoses, specified in sex and age categories. 55-64 years, 49% at 65-74 years, 67% at 75-85 years and 33% in the total cohort.
The incidence and risk of stroke or transient ischemic attack during follow-up
The annual rates of stroke and transient ischemic attack in women were 0.5%, 1.1%, 2.1% and 3.9% in age categories b55, 55-64, 65-74 and 75-85 years and 0.0%, 0.3%, 0.6% and 1.5% in the corresponding controls ( Fig. 2A-D) . In men, the corresponding rates were 0.3%, 1.0%, 1.6% and 3.3% in patients with AF and 0.1%, 0.4%, 0.9% and 1.7% in controls (Table 2) . AF was strongly associated with the occurrence of stroke and transient ischemic attack in all age categories and both sexes, and the difference versus matched controls was statistically significant ( Table 3 ). The relative risk in patients versus controls was tripled in women and doubled in men. In female compared to male patients, the incidence rates were statistically significantly higher overall and in the age category 65-74 years.
The incidence and risk of heart failure during follow-up
The annual rates of heart failure in women were 0.5%, 0.9%, 1.8% and 3.7% in age categories b55, 55-64, 65-74 and 75-85 years and 0.0%, 0.1%, 0.3% and 1.0% in controls (Fig. 3A-D) . In men, the corresponding rates were 0.3%, 0.8%, 1.9% and 4.3% in patients and 0.0%, 0.2%, 0.4% and 1.5% in controls. AF was strongly associated with an increased risk of heart failure in all age categories and both sexes, and the risks were statistically significant compared with matched controls (Table 3) . Overall, the relative risk was almost fivefold in women and at least fourfold in men. The incidence rates in patients with AF were comparable between women and men in all age categories.
The incidence and risk of myocardial infarction during follow-up
The annual rates of myocardial infarction in women were 0.2%, 0.4%, 0.8% and 1.4% in age categories b 55, 55-64, 65-74 and 75-85 years and 0.1%, 0.2%, 0.5% and 0.9% in controls (Fig. 4A-D) . In men, the corresponding rates were 0.2%, 0.5%, 1.2% and 1.9% in patients and 0.1%, 0.5%, 0.9% and 1.7% in controls. Myocardial infarction in patients with AF occurred less often than stroke and transient ischemic attack and heart failure, while the incidence in controls was higher than stroke and transient ischemic attack and heart failure ( Table 3 ). The relative risk showed only a weak association, indicating a trend towards an increased risk of myocardial infarction, although this was statistically significant only in women older than 65 years and in men 65-74 years. In patients with AF, it was found that the incidence rates were statistically significantly increased in men overall and in the age category 65-74 years, when compared to women. Fig. 3 . A-3D risk of heart failure in patients with atrial fibrillation and controls without other diagnoses in all age categories.
The incidence and risk of all-cause mortality during follow-up
The annual rates of all-cause mortality in women were 0.2%, 0.5%, 1.7% and 5.0% in age categories b 55, 55-64, 65-74 and 75-85 years and 0.3%, 0.5%, 1.3% and 3.6% in controls (Fig. 5A-D) . In men, the corresponding rates were 0.2%, 0.7%, 2.3% and 5.9% in patients and in controls 0.2%, 0.7%, 2.0% and 5.1% (Table 2 ). In total, women had a relative risk versus controls of 1.4 (95% CI, 1.3 to 1.6) and men 1.2 (95% CI, 1.0 to 1.3) ( Table 3 ). In the different age categories, the strongest association was seen in women in the age categories of 65-74 and 75-85 years. In male patients, the incidence rate was increased in all age categories and was statistically significant from age 55 and older, when compared to women.
Discussion
In this large and nation-wide matched control study, AF as the one and only diagnosis at inclusion was not a harmless condition and was over time associated with increased risk of subsequent cardiovascular morbidity that differed between age groups and sexes.
To the best of our knowledge, our study cohort represents by far the largest number of patients with incident AF and no other co-morbidity at the time of diagnosis. Moreover, this is the first study with complete national coverage of this diagnosis. Strikingly, we found an annual incidence of stroke or transient ischemic attack of 1.0-1.1% in the age category between 55 and 64 years in both sexes. While this does not justify long-term warfarin treatment according to current guidelines, the comparative efficacy and lower risk of new oral anticoagulation might result in an advantageous benefit/risk ratio in this group and thus increase the number of candidates for treatment [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The two risk scores CHA 2 DS 2 -VASc and CHADS 2 are intended to discriminate patients with a high enough risk of stroke to justify anticoagulation [21, 22] . The annual rate of stroke and transient ischemic attack in patients younger than 55 years of age was 0.5% in women and 0.3% in men and 0.0% and 0.1% in controls. The corresponding risks in patients and controls between 55 and 64 years of age were 1.1% and 0.3% in women and 1.0% and 0.4% in men. These patients had no diseases other than AF at the time of inclusion, which corresponds to zero points in CHADS 2 and zero points in men and one point in women in CHA 2 DS 2 -VASc. In the risk scores, one point is sufficient to suggest anticoagulation treatment, except when female sex is the only risk factor in the CHA 2 DS 2 -VASc [23] . In the CHA 2 DS 2 -VASc score, one point corresponds to an annual stroke rate with a range between 0.6% and 2.0% [22, [24] [25] [26] [27] [28] . In CHADS 2 for a score of one point, the corresponding annual stroke rates are more pronounced and lie between 3.0% and 4.8% [26] [27] [28] . Eckman et al. suggested that an annual stroke rate of 0.9% would justify a change of treatment policy from warfarin to novel anticoagulation therapy [29] . The annual rates for intracranial bleeding in studies of novel anticoagulant are between 0.2% and 0.5% in cohorts where the median ages were between 70 and 73 years, and the mean values in the CHADS 2 score were between 2.1 and 3.5, which are significantly lower than for warfarin [30] [31] [32] . Taillandier et al. have pointed out that overtreatment occurred in patients with CHA 2 DS 2 -VASc Fig. 4 . A-4D risk of myocardial infarction in patients with atrial fibrillation and controls without other diagnoses in all age categories. score = 0 and was as high as 44% [33] . They found no effect of anticoagulation treatment, and the yearly stroke rates were 0.64% in untreated (mean age 41 years) and 0.69% in treated patients (mean age 52 years) [33] . In patients with AF between 55 and 65 years of age and without other co-morbidities, the efficiency of preventive anticoagulant treatment and the risk for major bleedings are uncertain.
The relative risks and event rates of stroke or transient ischemic attack were increased in women compared to men and in all age categories. These findings are in line with previous studies and support that the female gender is given special attention in the risk assessment of stroke or transient ischemic attack, but they also imply that female gender alone is sufficient to identify subgroups of patients that could be candidates for anticoagulation [18, 21] .
Further, and in contrast to the previous studies, we found heart failure to be the most common cardiovascular disease in any of the age categories among patients and controls and observed that the risk of heart failure versus controls did not differ between women and men. Given our large cohort compared to earlier, smaller studies and that the diagnosis of heart failure has a high positive predictive value in the registries, these findings seem reasonable. Presumably, patients without other in-hospital diagnoses at the time of inclusion have a risk of developing tachycardia-induced heart failure during follow-up. Regarding myocardial infarction, we observed an increased risk in both sexes overall but, as concerns the different age categories, an association was seen only in women older than 65 years and in men between 65 and 74 years of age. This is similar to previous findings where only one study, in which patients had a mean age of 74 years at inclusion, showed an increased risk of myocardial infarction (Table 1 ). In patients with AF in our study, the incidence rate of myocardial infarction was higher in men than in women, in line with findings in patients without atrial fibrillation [34, 35] . For all-cause mortality, the relative risk was statistically significant overall in women and men. However, the relative risk in the various age categories was only increased in women older than 65 years and in men between 65 and 74 years of age. The increased all-cause mortality could reflect the increased risks we found for stroke and heart failure and needs more investigation.
We chose to include patients up to the age of 85 years and analyze data in four different age groups. Exclusion and inclusion criteria in earlier studies varied, and the rates of lone or idiopathic AF were between 1.6% and 30%, while the incidence of idiopathic AF was as high as 67% in the Paris Protective Study [4] [5] [6] 8, 36, 37] . In our previously described study cohort of 272,186 patients with AF, from which the cohort of this study was derived, 5% had no other in-hospital diagnoses during at least the eight years prior to inclusion and one year after inclusion [2] .
In our nationwide study population of patients hospitalized with incident AF, the patients in the 55 to 64 years segment amounted to 2657 individuals, which are 27.9% of the studied cases without other diseases or 1.0% of the original cohort. Considering that AF can most often be managed without hospitalization, we assume that the risk ratios in this study are an underestimation of potential new candidates for anticoagulation and that a substantial number of patients were not hospitalized or not even detected owing to asymptomatic AF.
Limitations
The number of confounding factors was greatly reduced by exclusion of all in-hospital diagnoses except AF in patients and controls, but subjects who are exclusively managed in outpatient care are not registered in Swedish hospital registries. Especially the diagnosis of hypertension is suspected to be underestimated since many patients are only diagnosed and treated in primary care. This possible misclassification could also apply to controls. Most likely, we also underestimated the true national number of AF diagnoses in both patients and controls.
We have no access to echocardiography examinations due to our study design that uses the Swedish National Patient Registry. Most previous studies have not used echocardiography, however, and because that examination is part of the routine hospital work-up in Sweden, the majority of patients in our study were most likely examined, thus considerably reducing the risk of concomitant heart failure [4] [5] [6] [7] [8] 11, 12] . We have no data on medication records during the study period between 1995 and 2009. A number of patients may have been on anticoagulation medication despite a formal guideline recommendation, but our database does not provide information on this. Further, the use of antiarrhythmic drugs and the possible impact they may have is unknown to us. Other potential confounders such as smoking, educational level and socioeconomic status may have affected the relative risk for outcomes between patients and controls.
The various types of AF, i.e. paroxysmal, persistent or permanent, might have influenced the results, but the registry data did not allow for this differentiation. On the other hand, since the registry allowed us to identify incident AF, it is likely that a substantial proportion of patients were found in an early phase and that some of them progressed to persistent and permanent types during the 14 years of follow-up. In addition, we decided to include atrial flutter, since it often coexists in patients with AF and the differential diagnosis can be challenging.
Conclusions
The relative risk of a stroke or a transient ischemic attack and heart failure was significantly higher in patients with AF irrespective of age and sex. The association of AF with myocardial infarction and all-cause mortality was weaker. Women were at higher risk of stroke or transient ischemic attack than men. While agreeing with current guidelines on anticoagulant treatment in patients 65 years and older, our study results pointed out that the annual rate of stroke and transient ischemic attack in men and women between 55 and 64 years was 1.0% and 1.1% and in controls 0.4% and 0.3%, respectively. Our findings might justify prevention measures if new oral anticoagulant agents are found to have the same efficacy and sufficient safety at these ages.
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